Recently, injectable hyaluronic acid gel has been widely used in soft-tissue augmentation. We performed this study to identify the feasibility of hyaluronic acid gel for the augmentation of the glans penis. In experiment I, 0.2 cm 3 of hyaluronic acid gel (HA) was injected into the dermis of the glans penis of 25 New Zealand white rabbits via a 30 G needle. At 3, 7, 14, 30, and 90 days after injection, histological changes of glans were studied, respectively. In experiment II, 0.5 cm 3 of HA was injected into the dermis of the glans penis of 14 Beagle dogs via a 27 G needle. At 6 months after injection, histological changes of the glans penis were also evaluated. At the time of autopsy, the lung, liver, and spleen were studied for systemic adverse reaction in each separate experiment. In experiment I, various sized cavities filled with amorphous basophilic materials were noted in the lamina propria and corpus spongiosum of the glans penis. All implants were positively stained on alcian blue. The intensity decreased in a time-dependent manner. Until 14 days, minimal inflammatory reactions were noted, but no signs of inflammation were identified at 90 days. With the gradual decrease of inflammation, fibrosis and deposition of collagen were noted. In experiment II, implants were well maintained at 6 months after injection in the lamina propria. Grade 1 of the inflammatory reaction was noted in one case. In both the experiments, all the specimens were free from any foreign body reaction and systemic adverse reactions. In conclusion, these results suggest that hyaluronic acid gel can be easily injected into the lamina propria of the glans penis and reside until 6 months. Injectable hyaluronic acid gel has a potential as a new bioimplant for the augmentation of the glans penis.
Introduction
The demand for penile augmentation continues to increase as the media exposes normal male figures and advertisements create interest in corrective surgery. The current main procedures for augmentation phalloplasty are penile lengthening and girth enhancement by dermofat graft. There is no established procedure for glans penis augmentation. The limitations of glans penis augmentation are a poor understanding of the glans penis anatomy, technical shortness, and lack of adequate material. Injectable soft-tissue substitutes provide an affordable, nonsurgical alternative for correcting contour defects and soft-tissue augmentation. Several materials have been used for this purpose, including paraffin, silicone, and collagen. 1, 2 Paraffin and silicone create intense foreign body reactions and are known to migrate from injection sites. Collagen induces rapid degradation, which necessitates frequent reinjection and infrequent but significant hypersensitivity reactions. 3 In the last decade, hyaluronic acid has been shown to possess many properties that suggest its value in several medical applications, particularly in ophthalmology, orthopedics, and soft-tissue augmentation. Recently, injectable hyaluronic acid gel has been widely used for soft-tissue augmentation in esthetic surgery with proven efficacy and safety. [4] [5] [6] We performed this study to elucidate the feasibility of hyaluronic acid gel in the augmentation of the glans penis.
Materials and methods

Animals and treatments
All the procedures involving animals were approved by the institutional animal care and use 
Pathologic examination
Grossly, each penis was cut along the dorsal-ventral axis. All specimens were fixed in 10% neutral buffered formalin, dehydrated in graded ethanol, and embedded in paraffin. Sections were cut at 4 mm thickness, and placed upon poly-L-lysine-coated glass slides. Hematoxylin-eosin (H&E) and Masson's trichrome stain were used to assess inflammation. Inflammatory reactions were graded as 4 (0: no inflammatory infiltrate; 1: mild, a few inflammatory infiltrates, less than five fields, less than 20 inflammatory cells per field; 2: moderate, multifocal, more than five fields; 3: severe, dense inflammatory infiltrate, diffuse infiltration). Foreign body reactions were graded as 4 (0: no foreign body reaction; 1: scattered histiocytic infiltration with no giant cells; 2: circumscribed histiocytic aggregation with one to three giant cells; 3: well-formed granulomas, more than four giant cells). Fibrosis was graded as 4 (0: no fibrosis; 1: fibroblastic proliferation without collagen deposition; 2: fibroblastic proliferation with collagen deposition; 3: dense collagen deposition without fibroblastic proliferation). Alcian blue stain (pH 2.5) was used to identify the presence of injected hyaluronic acid in the glans penis. Hyaluronidase digestion-alcian blue negatively stain was used to confirm the presence of the injected hyaluronic acid.
Results
Experiment I
On histological examination, various cavities filled with amorphous basophilic materials were noted in the lamina propria and corpus spongiosum of the glans penis. Some empty holes were noted for artifacts in the form of lost materials due to the washing and staining procedure. On alcian blue staining, the implants were positively stained in all cases (Figure 1 ). Alcian blue positively stained materials were negatively stained on hyaluronidase-alcian blue stain (Figure 2 ). The intensity decreased in a time-dependent manner. All animals except one showed inflammatory reaction until 14 days, but the degrees were minimal. Histiocytes were the main inflammatory cells around the implants. At 30 days, inflammations were decreased and no signs of inflammation were noted at 90 days. With the gradual decrease of inflammation, fibrosis occurred. Hyperplasia of fibroblast at 14 days, Augmentation of glans penis DG Moon et al hyperplasia of fibroblast with deposition of collagen at 30 days, and dense collagen deposition at 90 days were noted. All the specimens were free from any severe foreign body reaction. There were no systemic adverse reactions in any of the cases.
Experiment II
Grossly, the volume of implanted hyaluronic acid gel was well maintained until 6 months after injection (Figure 3) . On histological examination, various cavities filled with amorphous basophilic materials were noted in the lamina propria of the glans penis. A large lake of implants formed a pseudocapsule by compressing connective tissues in two of 14 animals. Some empty holes were noted for artifacts in the form of lost materials due to the washing and staining procedure. On alcian blue staining, the implants were positively stained in the lamina propria compared to the normal control (Figures 4 and 5) . Grade 1 of the inflammatory reaction was noted in one case. All the specimens were free from any foreign body reaction and fibrosis. There were no systemic adverse reactions in any of the cases.
Discussion
The ideal filling substance for soft-tissue augmentation should be biocompatible, nonantigenic, nonpyrogenic, noninflammatory, nontoxic, easy to use, stable after injection, nonmigratory, long-lasting but reabsorbable, natural looking, and not too expensive. 7, 8 A ubiquitous component of all mammalian connective tissue, hyaluronic acid (Hyaluronan) is a naturally occurring polysaccharide of the same chemical and molecular composition in all species in the intercellular matrix of dermal layers of the skin of all species; therefore, it is highly biocompatible to use animal sources in humans without creating foreign body reactions. [9] [10] [11] The hyaluronic acid matrix has an enormous ability to bind water (water content greater than 99%) and form hydrated polymers of high viscosity. 12 It resides in the extracellular space and functions as a space-filling, structure-stabilizing, and cell-protective molecule with uniquely malleable physical properties and superb biocompatibility. 3, 13 With these unique Augmentation of glans penis DG Moon et al physical properties, hyaluronic acid has proved to be an ideal material for soft-tissue augmentation. The amount of hyaluronic acid in the skin decreases with age, and loss of this substance results in reduced dermal hydration and increased folding.
14 Their present use is for supplementation of joints, wound healing, corrective surgery of facial deformity, and in the Deflux system of urological field. [4] [5] [6] 8 Although the efficacy of hyaluronic acid has been proved in various fields, the existence of potential space, technical feasibility, and long-term residence should be identified to use injectable hylauronic acid gel in the augmentation of the glans penis. Restylane s and Perlane s are injectable hyaluronic acid gels and have the same composition of 20 mg/ml of stabilized hyaluronic acid gel. The difference between the products is the size of the gel particles. Hyaluronic acid is a glycosaminoglycan biopolymer composed of alternating residues of the monosaccharides D-glucuronic acid and N-acetyl-Dglucosamine linked in repeating units. The molecular weight of hyaluronic acid in its pure form can be determined. However, hyaluronic acid in its pure form is not stabilized. Injectable hyaluronic acid gel is a chemically modified hyaluronic acid product to increase its longevity in the tissue and to form a gel. It is not relevant to talk about molecular weight, as it cannot be determined for a stabilized gel. The approximate number of gel particles is 100 000/ml in Restylane s and 1000/ml in Perlane s , respectively. For this reason, Q-med recommends a 30 G needle to inject Restylane s into the mid-to upper part of dermis and a 27 G needle to inject Perlane s into the deep layer of the dermis. The glans penis of the rabbit is smaller than that of the Beagle dog. So, we used Restylane s with a 30 G needle in the rabbit and Perlane s with a 27 G needle in the Beagle dog. In this study, Perlane s was easily injected into the Beagle dogs via a 27 G needle for elastic glans and showed long-term residence in the lamina propria. In the rabbit, Restylane s was injected with some difficulties via a 30 G needle for small and rigid glans penis. In humans, it may be easy because the human glans is bigger than that of the Beagle dog and elastic in nature. It has been known that hyaluronic acid gel is safe and free from inflammation. In this study, some inflammatory reactions were observed in the rabbit and a pseudocapsule was observed in two of 14 Beagle dogs. It is thought that the inflammation is not due to the hyaluronic acid gel but by needle injury for small glans penis, secondary to infection from poor hygiene of the glans penis via the needle tract and pressure effect of implants. Although the long-term residual volumes were not measured, long-term residence until 6 months was well established in the histological study. We think that injectable hyaluronic acid gel has potential as a new material in the augmentation of the glans penis. Penile augmentation is a necessary procedure for the following patients: psychogenic impotence or depression due to their small penis, congenital micropenis, and penile reconstruction. Current penile augmentation with dermofat graft alone produces an iatrogenic penile deformity of a thick body with a small glans. The combination of dermofat graft with glans penis augmentation by injectable hyaluronic acid gel can make the penis appear better.
The major contributing factors of sensory characteristics in glans penis are the distribution of the nerve, the number of receptors, the threshold of the receptors, and accessibility of stimuli to the receptor. The creation of a barrier by the bulking agent that inhibits the tactic stimuli to reach the receptor may be harmful or beneficial in sexual function. Glans penis augmentation can negatively affect ejaculatory and erectile function due to possible sensory loss. On the other hand, glans penis augmentation by the bulking agent may be effective in premature ejaculation for decreased sensation of the glans penis. The effect of glans penis augmentation on the sensory characteristics of the glans penis should be elucidated.
Conclusion
These results suggest that hyaluronic acid gel can be easily injected into the glans penis of the Beagle dog and remain in the lamina propria of the glans penis until 6 months without severe local and systemic adverse reactions. Long-term efficacy of more than 6 months needs to be demonstrated to enable the use of injectable hyaluronic acid gel in human phalloplasty.
